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LEGAL NOTICE This research report was prepared by the Energy & Environmental Research Center (EERC), an agency of the University of North Dakota, as an account of work sponsored by U.S. Department of Energy. Because of the research nature of the work performed, neither the EERC nor any of its employees makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement or recommendation by the EERC. completely removing contamination from the source area. Incomplete removal means that the residual DNAPL will persist as a long-term source of groundwater contamination. When DNALPs occur in the subsurface, they resist remediation, owing to low water solubility, high viscosity and interfacial tension, and microbial recalcitrance. Because of their high density and polarity, they are usually found sorbed to aquifer solids or in pools on impermeable materials. Surfactants have been used with some success to reduce interfacial tension between the aqueous and organic phases and improve solubility of DNAPLs. However, surfactants are expensive and toxic and exhibit an oxygen demand. An alternative is the use of dissolved humic acids in improving DNAPL mobilization and solubilization. Humic acids, a natural form of organic carbon, are abundant, inexpensive, and nontoxic; biodegrade slowly (low oxygen demand); and have excellent mobilization properties. The present work is to establish the feasibility of using humates for enhancing DNAPL remediation.
OBJECTIVES
The specific objectives of this subtask are as follows:
Evaluate the suitability of using humic acids to enhance the solubility and mobility of DNAPL contaminants sorbed to soils.
Evaluate the toxicity and bioavailablity of the DNAPLs to biodegrading microorganisms.
STATEMENT OF WORK
To meet the first objective, we are evaluating a set of humic acids (two) with different chemical compositions and polarities for the following:
Ability of the humates to mobilize/solubilize selected (three) DNAPLs Effect of key aquatic chemical parameters @H, ironic strength, and calcium) on mobilizatiodsolubilization
Mobilizatiodsolubilization in batch soil-water experiments (one soil)
Removal rate via biotreatment with a well-established active microbial culture An analytical method was selected for the experiments under this subtask, and a calibration curve was constructed. This calibration curve is used to determine unknown contaminant concentrations in water being tested. The leonardite humic acid is derived by blending coal with a 10% sodium hydroxide solution until the mixture is entirely liquified. The solution is then allowed to settle, and the excess solid (approximately 1 % by weight) is discarded. The yield is approximately a 9.0 wt% concentration of humic acids, which is then diluted to the needed concentrations, ranging from 0.1 % to 3 % .
Several batch experiments were then completed using the leonardite humic acid and trichloroethylene (TCE) solution in distilled water. Data were then analyzed for the effect of the selected humic acid on the solubility of the TCE. Figure 1 is an illustration of leonarditederived humic acid and its solubility effect on TCE. Batch experiments using other selected humic acids and chlorinated solvents are currently under way, with the data generated being used to design the water and soil batch experiments in the next phase of testing. Following completion of the water batch tests, soil interactions will be evaluated with soil/water batch tests using the same DNAPLs. Bioavailablity testing and tests to determine effects from water chemistry variations will be initiated in conjunction with these efforts. 
